Go ogle 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non- commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 



Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : / /books . google . com/ 




i 



Bachelor's Theses 

University of Wisconsin — IVIadison. 
College of Engineering 



] 



ot tbc 

'Ulniver0it!? of Misconsin 



'igitized by Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



THE LOSS 01- HEAD IN CAST IRON STERL AND HlfOQD PIPES 
AND THE CAIIBRATION OP PITOT TUBES 

BJARNE HALFDAN GRAPP 
PRBEERICK AUGUST SCHWEEE 
RICHARD PERWIEN 



A Thesis Submitted for the Degree 
of 

BACHELOR OP SCIENCE IN CIVIL ENGINEERING 



UNIVERSITY OP WISCONSIN 
1908 



Digitized by 



Google 



INTRODUCTIOir. 

The importance of Pitot tubes in determining the Te- 
locity of flow of water in conduits, where other means of 
determining the discharge are impracticable , and in detect- 
ing leakage in a large water system, is "being realized more 
and more "by the practicing engineer* There hare sprung up 
companies that manufacture Pitot tubes and make ohsenrations 
with them for mxinicipalities and large corporations. These 
companies guarantee to measure the discharge within a small 
percentage of correctness. The accuracy of any measure- 
ments of discharge by means of a Pitot tube depends upon the 
calibration of the instrument, by which its coefficient is 
determined. In order to determine these coefficients accu- 
rately, a very 3jtrge nimiber of observations must be made, 
and it is important that the tubes be calibrated under con- 
ditions as nearly as possible similar to those under which 
they must be used in actual practice. The most ejchaustive 
investigations made with Pitot tubes of various designs are 
undoubtedly those by Gardner S. Williams, Clarence W. Ilubbell 
and George H. Penkell at Detroit, Michigan, in 1898-99, pub- 
lished in Volume 47, Transactions American Society of Civil 
Engineers. By their very elaborate experiments they showed 
that a Pitot tube calibrated in still water had a coefficient 
as much as 10^ higher than if calibrated in a 2- in. brass 
pipe with flowing water. 
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The laws governing the loss of head in pipes of various 
materials are not as yet fully determined • The coefficient, 
c, in Che2y»s formula, has heen fairly well established for 
steel and cast iron pipes of various diameters, hut is very 
uncertain for wood pipes, owing to the few experiments made 
upon this class of pipe# The writers have heen unahle to 
find any record of e^eriments to determine the loss of 
head in the more common 6- in* and 8-in* hored wood pipes ♦ 

PURPOSE. 

The purpose of this investigation was first to de- 
termine the loss of head in and coefficients for 6-in# cast 
iron, wood, steel and lap-riveted pipes, and to determine 
the variation of loss of head with the velocity* Secondly, 
the ohject was to calibrate two Pi tot tuhes of similar design 
and to determine the distribution of velocity across the 
pipes and its relation to curvature in the pipes above the 
section investigated • Por the piu'pose of the calibration 
these tubes were tested in all of the four pipes mentioned, 
and these pipes are of sufficient size to furnish conditions 
very similar to those existing in large feed mains of 30-in# 
or even 48- in* diameter. 

THE PIPES INVESTIGATED. 

The four pipe lines experimented upon were all new 
pipes, that had been installed in the hydraulic laboratory 
of the University of Wisconsin for the purpose of studying 
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the laws of flow in pipes of different materials • The 
pipes had not as yet "been utilized, and some trou'ble was 
therefore experienced due to leakage in the wood pipe. The 
plan and elevation of the system of pipes is shown on Plate 
T» The total straight lengths of the pipes, which extended 
practically the length of the laboratory, was 95 feet with 
90® elbows or tees at each end. The flow through the 
pipes was controlled "by the gates located at the west and 
intake end. There were no gates at the outlet end. The 
piezometers were 32 feet 9 inches from the 90® elbow at the 
upstream end in the case of the wood, lap-riveted and cast 
iron pipes and 27 feet 9 inches in the case of the steel 
pipe. The distance between piezometers was 57 ^02 feet for 
the steel pipe, 52.75 feet for the wood pipe and 52.83 feet 
for the cast iron and lap-rireted pipes. The ijipples for 
the Pitot tubes were inserted at cross sections distant from 
the upstream elbow as follows: in the case of the wood pipe 
51 feet 8 inches, the steel pipe 51 feet 11 inches, the cast 
iron pipe 45 feet 3 inches and the lap-riveted pipe 42 feet 
11 inches • These nipples were placed on two diameters 90® 
apart, and at angles with the horizontal as shown in Plate 
ITo. Ill , Pig. No. The piezometer guage was placed 18 

feet from the upstream and about 36 feet from the lower 
piezometers, to which it was connected by l/2 inch iron 
piping. 
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Water was supplied "by a PairlDanks-lIorse duplex power 
pump as shown on Plate No. W, with a 10 inch stroke and 
6 inch p^^unger, and a rated capacity of 50 revolutions and 
245 gallons per minute • Maximum discharge actually secured 
in our experiments was 348 gallons per minute which gave a 
velocity of 3*87 feet per second in the cast iron pipe^ The 
suction and dischiurge pipes were "both 5-in«, and a hy-pass 
with a regulating valve was connected from the discharge to 
the suction pipe so that water could he pumped hack into the 
supply chamher and thus low velocities seciured* This was 
found necessary hecause the minimum power output of the motor 
did not give low enough velocities. Power was supplied hy 
a variahle speed motor on a 500 volt circuit, rated at 46 
amperes and 25 H. P# Prom the pximp the water passed 
through the discharge pipe into the four pipe lines as shown 
on Plate Ho. 1, making three 90^ eloow turns hefore entering 
the straight sections of pipe. On leaving the straight 
sections the water likewise flowed through several 90^ elhows 
with intervening tangents and discharged into a 4 foot 3-l/2 
inch "by 16 foot S inch weir hox shown in Plate Uo. W. The 
discharge end of the pipe was a little higher than the three 
overhead pipes and this gave a suction and discharge head 
averaging ahcut 12 feet% Prom the weir hox the water flowed 
over a sharp-crested 12- in. weir with end contractions, and 

ecrptied throi^gh a discharge pipe hack into the supply 
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chamber • The same water was thus repuniped, and the head 
remained practically constant for every run. 

The diameters of the four pipes were obtained by direct 
measurements with a calibrated iron rod, reading to inches 
and tenths of an inch. This rod was bent as shown in Plate 
No. 7l, Pig. ISTo. 11 . It was inserted through the nipple 
and turned through an angle of 180^, and moved until the 
knob touched the near side of the pipe and a reading taken. 
She rod was then pushed to the far side of the pipe and a 
second reading observed. The difference of the readings 
plus the width of the knob gave the diameter. Measurements 
of the diameter could only be obtained at the cross-sections, 
where the Pitot tubes were inserted and on these two 
diameters at right angles to one another. Measurements 
had previously been made of every length of the wood pipe 
before it was jointed together and layed, and these nsasure- 
ments show a constancy in the diameter, the maximum 
difference being 1/I6 of an inch, which would mean a 
variation of 1^. The measurements used were taken after 
the wood pipe had been soaked. The cast iron and steel 
pipes were all evidently very uniform in cross-section, and 
the error due to measurement of the diameter is probably not 
in any case over 1/b. The average diameters for the four 
pipes were as follov/s: wood 5.92 ins., cast iron 6.06 ins., 
steel 6.15 ins. and lap-riveted 5.85 ins. 
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The wood pipe was a tored pipe of Douglas tir hav ing a 



galranized wire and thoroughly coated with tar. The inside 
surface was the ame as that of a roughly planed "board, and 
not as smooth as the inside of a good wood-stsve pipe. 
Thimhle joints were used, thimbles he ing 1-in. thick and 
8- ins. long. Pipe sections were 7-ft. long and there were 
7 joints in the section tested "by the piezometer guage. The 
wood pipe caused the chief trouhle in leakage, which howver 
was small during the experiments. When water was first 
passed through the pipe it leaked "badly at every joint and 
especially at the two end joints, where an iron plate had 
"been made to sei^e as a hutt joint connection hetv/een the 
wood pipe and the cast iron elhow fitting. These joints 
were unadjustahle; the pipe had shrunk away from the fixed 
fitting, and iDOth joints caused endless trouhle. They were 
finally made sufficiently tight for the low pressures used 
during the experiments in the pipe lines "by the use of 
cement raortar. The thimhles only showed a rery slight 
leakage under high pressures, which were not used however 
during the experiments. The cast iron pipe is ordinary 
6-in. lipe with hell and spigot leaded joints. It is a 
dipped pipe, presenting a smooth regular siurface on tie in- 
side. Pipe sections were 12 ft. in length and there are 
four joints on tlie section tested hy the piezometer ^uage. 



thickness of 2 ins. 



It was woimd outside with l/8-in. 
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The spiral lap-riveted pipe is a thin, light pipe of l/l6-in. 
steel. Rirets were spaced 1-in. apart# The pipe was 
painted with a TDlack preservative paint, which gave a very 
smooth finished surface • Length along the pipe for one 
coinplete turn of the spiral was 1 foot. The steel or wrou^rt 
iron pipe was a flange jointed pipe .3 in. thiclc. Pipe 
sections were 19 ft. long and there were two joints in the 
portion tested hy the piezometer gmge. This pipe was not 
painted on the inside. There was practically no leakage in 
the cast iron, lap-riveted or steel pipes. 

PIEZ0MB3TE1R COITIIECTIOKS AND GUAGSES. 
The piezometer jackets used on the pipes were of the 
same general design. The channel around the pipe on the 
inner side of the jacket furnished the necessary equalization 
of pressure. The form of the jacket is shown on Plate No. 
JjFig. Ho. 1. The piezometers were of different types 
for the several pipes. In the case of the wood pipe four 
l/2-in. holes were hored at an angle of 90^ with each other, 
and making an angle of 45^ with the horizontal. These 
holes were carefully "bored at right angles to the line of 
flow. The auger was withdrawn when the point had pierced 
the inner side of the pipe, and the hole was then then turned 
out to full size with a hot iron, so that the inner edge was 
clean-cut with no projections. The cast iron pipe 
piadometer was similar to that in the wood pipe exc^t that 
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the holes were 3/8- in* in diameter • The east piezometer 
of the steel pipe was a fine slit l/64-in. wide extending 
entirely around the pipe; the west piezometer was similaur 
with a slit l/32-in* wide* The piezometer for the spiral 
lap-riveted pipe was similar to those in the cast iron pipe* 
The 1/2- in* guage pipes were connected to the iinder side of 
the piezometer jackets. The pipes from all jackets were 
connected to a single l/2-in* pipe, and the flow through 
each pipe was controlled "by composition metalseated valves 
placed close to each jacket* Air- cocks were provided in 
the tops of all piezometer jackets* An air-chamher v/as 
placed close to the piezometer connections to collect any 
air finding its way into the guage pipes, and keep it from 
getting to the guage* These air-chamters protatly were 
valuable for this purpose; at least no air tuhbles were 
noticed in the guage in the course of the experiments* The 
piezometer guages used were both of the same pattern, and 
are shown in Plate Ho. Vll * They were made of 3-ft* glass 
tubing of 25/32- in. internal diameter, which was connected 
at the top by l/2-in* pipe fittings* They were provided 
with air-cocks both at the top and bottom. Two corporation 
cocks on the side at the bottom of the right-hand g\xage 
were provided to connect the two guages for purpose of 
calibration without disconnecting this guage from the l/2-in. 
pipe* The guage was filled with oil through the l/4-in* 
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corpo ration cock at the top, while the water was slowly 
withdrawn from the air-cock at the bottom* The glass tubes 
fitted into stuffing boxes and rested upon rubber washers. 
Over the rubber washers was used cotton packing soaked in 
common yellow soap# This made a fairly tight connection; 
there was some trouble with sweating at the Joints, but this 
was remedied by using a stiff composition wax over these 
places • This wax however is of little account when the 
guage is under pressure, but it answered well for the low 
pressures used in these experiments* The greatest 
trouble in making the guage tight was found in the air- 
cocks and corporation cocks, many of which could not be 
made water tight* By trying a number of these and select- 
ing only the best a water-tight guage was secured* Some 
leeiky valves were at once remedied by coating with common 
yellow soap, which was used in all the valves and connections 
All valves were tested under a considerable pressure in 
order to detect leaks. Seat valves of composition metal 
and also the ordinary air and corporation cocks are very 
unsatisfactory* Valves with rubber seats whould be used 
in preference to the above types* 

PI TOT TUBES AND GUAGES 
The Pitot tubes tested were identical being made as 
nearly alike as the mechanician could turn them out* The 
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form of the tute is ahown in Plate No* Pig. No* !• 

Both pressure and velocity openings were l/32 of an inch in 
diameter • There were two pressure openings and these were 
connected with a small inside tuhe which rxms the full 
length of the instruments The tuhes were made 5 ft* 11-5/8 
ins# long, in order that they could he used on tests on 
large feed mains • They were of "brass throughout and were > 
inade in one piece* Great care was taken in making the 
impact and pressure openings to drill them exactly at right 
angles and in line with the plane of the tuhe tip« The tuhe 
arm at the top was made parallel to the line of the velocity 
opening, and in this way the instrument v;asaligned with the 
direction of the pipe* 

The method of inserting the Pi tot tuhes was as follows: 
l-in* holes were hored at right angles to the line of the 
pipe and at angles to the horizontal as shown in Plate 'So. 
lll > Pig* No* 2. Care v/as taken to "bore the holes at right 
angles to the line of pipe and along the diameter of the 
pipe* Different angles with the horizontal were necessary 
for the several pipes, in order to permit of the insertion 
of the long Pitot tubes without interference with the piunp 
TDelt-and the side wall of the building* Nipples were then 
Bcrev/ed into the pipes, so that the inner end of the nipple 
was flush with the inner surface of the pipe, the end of the 
nipple being filed semi-circular for this purpose. A l-in# 
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corporation cock Wcts then screwed on the nipple and a 
stuff ing-^box long enough to contain all of the tube tip in- 
serted in the cock# The tube is then inserted in the 
stuffing box and the top nut scrwRrsd on the rubber packing 
which grips the tube. But slight leakage occurred past 
the stuffing box* The general arrangement of the tube in 
the pipe can be seen from Plate iro# Vl 1 1 ♦ 

For the ptxrpose of observing with the Pi tot tube, the 
pressure and velocity openings of tlie tube were each 
connected by a 3/8- in • inside diameter rubber tubing to the ^ 
two sides of an ordinary air guage« Two of these guages 
are also shown in Plate No* Vlll * The air guage consisted 
of two parallel glass tubes 5/l6 of an inch in diane ter 
fitted with cotton packing soaked in yellow soap into the 
stuffing boxes of the guage* On each side of the glass 
tubes is a steel scale gradxiated to hundredths of a foot 
with a sliding vernier reading to thousandths* The guage 
was connected at the top which was filled with air and an 
air cock was provided to regulate the height of the water 
column* The dif-'erence in the water columns filling the 
bottom of the guage registered the relative pressures of 
the velocity and pressure openings* Equal lengths of hose 
were used on each side and care was taken to expel the air 
before connecting up* 
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TWEIR DISCHARGE. 
The velocity of water in the pipes was determined "by 
readings on the 12- in* weir, which were taken every minute 



mained fairly constant diiring all runs, and the average read- 
ing for each velocity gave the correct discharge within a 
small percentage of correctness • The weir was read "by a 
hook guage, which read ty means of a micrometer to one 



and after each run, and this reading varied "but slightly 
during the experiment • The method used in getting the 
water level exactly even with the crest of the weir was 
that adopted hy Messrs. Cerna and Kaulfuss in their thesis 
on "The Plow of Water over an Eighteen Inch Sharp Crested 
Rectangular Submerged Weir with End Contractions By hold- 
ing an electric light hack of and ahove the weir crest and 
placing the eye so that the reflection of the light was seen 
in the Witer adjacent to the weir crest, the image would 
assume a ccnvexly flattened appearance if the water edge was 
convex and a concavely elongated appearance if concave • 
Water v;as added to or removed from the weir "box until the 
image appeared in its natural form* Very small additions 
of water would produce a noticeahle change in the image, so 
that this method is "both very accurate and easy of application. 



during the course of the runs# 



The head on the v/eir re- 



thourandth of a foot. 



A zero reading was obtained "before 



Digitized by 



Google 



Digitized by 



Google 



-13- 

In their experiments Mes. rs. Cerna and Kaulfuss carefully 
calilDrated this 12- in. weir# The weir discharge curve 
plotted logarithmically as determined hy them is S-iown in 
Plate No. All our discharge readings were taken direct- 

ly from this curve • Plan and elevation of the weir hox is 
shown on Plate ITo. V. 

CALIBRATION OP OIL GUAGES. 
In order to reduce the readings of loss of head in the 
oil guage to water, th^ differential gviages were calibrated 
in the following manner* One guage was placed ahout l-l/2 ft 
higher than the other, and connected as shown in Plate iIo.^# 

The lower gtiage v;as partly filled with oil and the remainder 

•J 

of the lower guage, the upper guage^ and the connecting hose 
filled with water # Great care was taken to have no air 
in either guage or in any of the connections. The top 
corporation cock of the upper guage was opened and in this 
condition the columns of oil should stand level# Paurt of 
the water in one tulDe of the upper guage was then drawn out 
through the small cock at the "bottom until D equals at least 
+ 1 inch, and D and d were olDserved. Another 1 inch of 
water v/as then drawn out and D and d again observed, and so 
on until the difference of the oil coli;ann8 was greater tiian 
could he read by the guage, when in like manner the water in 
the other column of the upper guage was lowered, until the 

water now near the bottom of the upper guage again read zero. 
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The temperature of the water was taken as drawn from the 

upper guage# Eleven ohservations were usually made, each 

setting "being read independently T^y two ohservera. Six eete 

of otservationB were taken for each guage* In averaging the 
d 

values of TS readings of D less than 0*17 of a foot were 
omitted, "because they were unreliable on account of in- 
accuracy in reading these small differences • 

The oil used was ordinary kerosene, which gave a ratio 

d 

of 5 of 5*233 at 16 #7® C or 62® IP. In reducing the ob- 
servations correction was not made for the zero reading with 
the gTiage full of water, thoi:igh this was in most all cases 

negligibly small, since this correction should not enter 

d 

into the value of It was not possible for the writers^ 

because of lack of time to get a large range of temperature 

in this calibration, and to determine the affect of 

d 

temperature upon the ratio D, so the corrections for 

temperature were made as fellows: In the Detroit experiments 

Itessrs. Williams, Hubbell and Penkell by a large number of 

observations determined the effect of temperature upon the 
d 

▼alue of 5, and they found between 60* and 70® P. that this 

rat^io decreased #0121® C. for every degree C# of increase. 

d 

This correction was therefore applied to all values of T5 
and these reduced to 62^ P# or 16.7® as given in colimin 
ISO. 5, Table Hot 2. In the above mentioned experiments the 
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d 

value of TS foimd was 4#89# Different samples of oil vary ^ 
in their specific gravity and therefore this ratio is far 
from constant • After cali'bration the same oil was used 
repeatedly in the experiments; after each week's runs the 
oil was removed from the guage and then replaced oh 
starting the next tlme# 

IfflTHOD OF COMDUCTIJTG EXPERIMENTS • 
GEITEEIAL # The Pi tot tuhe and loss of head experiments 
were conducted simultaneously, and the work of observing 
was divided between the writers* Perwien read and recorded 
the weir guage every minute; Schwede read and recorded the 
piezometer oil guage every minute; and Graff read the Pitot 
air guage and manipulated the Pitot tube. The pimq? was 
operated first at its lowest output, and the hy-pass valve 
opened until the weir reading indicated a velocity in the 
pipe of 0.5 of a foot per second. Por this velocity and 
also a velocity of one foot per second, the outlet valve was 
partly closed so that enough pressure was obtained to com- 
pletely fill the pipe# Observations were made for each vel- 
ocity from 0.5 feet to 3 #5 feet per second, using intervals 
of #5 feet* The punrp maintained a fairly constant velocity 
throughout each run which required from twenty to thirty 
minutes, the time depending on the rapidity of the Pitot 
tube readings. Between each run the piunp was regulated 
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to the next higher velocity and allowed to run some minutes 
until the weir readings had hecome constant* A complete 
set of runs for all velocities was made with the Pitot tuhe 
inserted on the horizontal diameter in a pipe and then the 
operation was repeated with the tuhe on the vertical 
diameter # These sets are referred to as, for example, 1 H 
«md 1 V. in the tahles, meaning the lowest velocity on the 
horizontal and vertical diameters respectively* 

Manipulat ion of Piezometer Guages * Before starting 
a set of experiments the piezometer guage was half filled 
with oil through the corporation cock at the top hy first 
filling the g^-age with water and opening the air-cocks to 
make sure that the guage was free from air, then closing 
the inlet corporation cocks and slowly drawing out the water 
throiigh the waste cock at the "bottom as the oil was poured 
in# The inlet corporation cocks were then opened and the 
guage was ready for use# 

The guage was read every minuAe, twenty readings heing 
taken # There was ccnsiderahle fluctuation (as much as 
•07 of a foot )of the oil columns^ and the two extreme 
positions of the columns were read simultaneously^ first 
reading the upper fluctuation and the next time the lower # 
These two were then averaged and thus ten average readings 
ohtained for each set# 
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Weir Ifeaflurementfl t Readings of the hook giiage were 
taken erery minute* The guage was set in the l^aeln shown 
in Plate Ho. which was connected with the weir hax hy a 
l-in# pipe, entering at the hot torn of the has in • Readings 
were taken with an electric light* The watches used hy the 
three ohserrers were always set together "before commencing 
any series. 

Manipulation of Pitot Tuhes# Per the higher yelocities 
the pulsation water coltimns in the air g^iage were 

quite rapid and of considerahle amplitude, as much as #06 ft. 
in the pressure tuhe* The yihrations were ccnsiderahly 
longer in the pressure coliamn than in the velocity column* 
For most of the velocities the vihrations were decided and 
kept time with the strokes of the pump, hut in the case of 
the highest velocity the vihraticns were small and irregulay 
because the pressure on the pipe v/as not sufficient to trans- 
mit the pump pulsations throxigh the fine openings of the 
tuhe and into the guage*: By applying sufficient pressure, 
the rhythmic vihraticns were established in the guage. The 
readings were taken at the two extremities of the vihraticns, 
and averaged* 

Before starting on a series of runs, water was flushed 
through the air guage and tuhing, and then the latter 
connected with the Pitot tuhe, so that all air was driven 
cut of the tuhes, gimge and connections* Air was th^ let^ 
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into the top of the giiage, until the water columne etood at 
a conyenient height for reading* 

In meaeuring the discharge of a pipe with a Pi tot tuhe, 
it is necessary unless it is already known tliat the Telocity 
distribution is normal and the maximum Telocity is at the 
center, to traverse the diameter of the pipe with the in- 
strument, i. e», to take readings at various points along 
the diameter. In order to simplify the reductions, the 
pipe was divided hy concentric circles into a central core 
and a series of rings of equal area, and a reading was taken 
at the center, at the edge of the pipe as nearly as the tuhe 
could approach, and on each intersection gX the dividing 
circles wi^h the diamoter# The pipe was divided i?ito five 
such eqizal areas, making eleven positions for the tuhe* At 
each location the upper and lower extremities of the vil}ra^-^ 
tions were read twice, which occupied one minute, and the tuoe 
was then moved to the next position. The first position 
was the center, then the far side of the pipe was taken and 
then the points consecutively across the pipe returning to 
the center at the close. This complete operation con- 
stituted a "Traverse." To locate the point of the in- 
striiment, an observing rod was used which rested against 
the top of the stuffing box, and distances set corresponding 
to the divisions of the diameter of the pipe, by setting 
a scratch on the tube. Time required for taking «ie 
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readings at one position and adjusting the tube for the 
next location was I-1/2 minutes. With a man recording 
aa was done for the steel pipe, for which the piezometer 
readings were taken separately the time was one minute. 

A num^ber of readings were taken at no flow, and in most 
cases the guage did not read zero T^ut read positirely ah out 
•005 ft. Correction was made for the no flow reading in 
all the reductions. The velocity tuhe of the guage was 
for the majority of the experiments the right-hand one. For 
one run the left-hand tuhe was connected to the Telocity 
opening, and a large difference in the no flow reading was 
ohserved, as it dropped to -0.019 ft. This may show that the 
condition of the parts of the guage connections affect the 
zero reading. 

TABULATION AH) REDUCTIOIT OP DATA. 

All data taken during the experiments are on file at 
the hydraulic laboratory of the Unirersity of Wisconsin, 
and comprise 131 pages of tabulation of which 10 pages are 
summary tables. Only the latter and a portion of every 
table are printed in this copy; this data will hereafter be 
referred to as "Laboratory Data." All the reductions from 
this data were checked. The usual method followed was for 
one of the writers to check the others work. 

Calibration of Oil Guage s . On pages 21 to 22 are given 
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three tjrpical eete of Ta"ble No# 1, laboratory 9a ta pagea 1 
to 7. Column No* 11 was obtained by diTiding column No* 
8 by column lTo#5# The temperature was obtained from the 
water taken from the upper or water guage# Seta Nob. 1 to 
6 inclusire were taken with Guage Uo# 1 as the water guage, 
and for seta Nos. 7 to 12 incluBiye Guage Ho. 2 waa lowered 
below Guage No. 1 and the latter was the the kerosene 
guage # 

In Table No. 2 is given a summary of Sable No«l. In 

column No .4 is given the correction to be applied to re- 
d 

duce U to 16 #7^ C# This correction was obtained as ex- 
plained on page No* 14 and is -.0121^ for +X^C# In 

d 

colximn No. 5 Is given the corrected IS. 

Weir Pis char p:e . The weir readings and aver^es for 
each traverse are given on pages 39 to 64 inclusive, 
laboratory Data. These averages are inserted in Table 
No. 4 and also the weir discharge which was obtained from 
Plate No. 9. In Table No. 5 are given the measurements of 
pipe diameters and also the lengths of pipes between 
piezometers* 

Piezometers . One typical set tf the piezometer data 
from each of the pipes as tabulated in Table No. 3, (a), (b), 
(c) and (d), Laboratory Data, pages Nos. 9 to 38 inclusive, 
is given on pages Nos. 25 to 28 inclusive. Column No. 5 
gives the average of the readings of the upper and lower 
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Table No. 1. 
Calibration of Diff«r«ntial Oil Gauges. 



(1) (2) (3) (4) 
Oauge No. 1 
Wa ter 
Time Obrnt-UST 
ver 





c 

D 


X • oo#& 


X .^o / 




a 

w 


X • uo^ 


X • OwO 


% • CiA 


b 


1 AHA 
■X •QUO 


X A^OO 




n. 
M 


X • Ov r 


X •'kO f 




€• 

D 


X aUO^ 


1 «'^7 






X •kJOsJ 


X • OO r 


w • XX 


o 


X 


1 9A9 




/I 
\jt 


1 AAA 


X • 


w • XU 


o 


1 An7 


X • xoo 




a 


1 An7 


X • XwO 




D 


X • 004 


X aUOX 




M 


X • Ou^ 


1 HAT 
X •UOX 


3:25 


s 


1.23$ 


0.926 







1.237 


0.927 


3:29 


s 


1.143 


0.798 




a 


1.142 


0.798 


3:34 


s 


1.024 


0.639 







1.027 


0.639 


3:37 


s 


0.807 


0.478 







0.806 


0.479 


3:42 


s 


0.622 


0.344 







0.624 


0.340 


4:02 









(5) 



Diff- 
erence 

0.145 
0.144 
0.170 
0.170 
0.197 
0.199 
0.223 
0.222 
0.249 
0.249 
0.273 
0.271 
0.309 
0.310 
0.345 
0.344 
0.385 
0.388 
0.329 
0.327 
0.278 
0.284 



(6) (7) 
Oauge No. 2 
Keroaeine 
leTE ElgKt 



Set No. 1. i^r.4;L90a 
(8) (9) 



1.850 
1.850 
1.921 
1.922 
1.994 
r 994 
2.061 
2.060 
2.119 
2.118 
2.189 
2.189 
2.282 
2.284 
2.371 
2. -370 
2.483 
2.486 
2.334 
2.334 
2.207 
2.208 



1.095 
1.097 
1.025 
1.026 
0.956 
0.955 
0.891 
0.891 
0.832 
0.832 
0.763 
0.761 
0.669 
0.670 
0.577 
0.677 
0.464 
0.465 
Q.613 
0.613 
0.741 
0.742 



(10) 
for 

Diff- Temp, each 
erenoe Cent. obs. 



0.7 
0.7 
0.896 
0.896 
1.038 
1.039 
1.170 
1.169 
.1*287 
1.286 
1.426 
1.428 
1.613 
1.614 
1.794 
1.793 
2.019 
2.021 
1.721 
1.721 
1.466 
1.466 




5.23 



Digitized by 



Google 



Digitized by 



Google 



-22- 

TaT)le No. X Continued. 



Calibration of Differential Oil Gauge 


. DO U 




Apr. 10, 1908. 


(1) 


(2; 


13} 


(4) 




l6 j 


(7) 


(8) 






T 





L 


R 


J) 


L 


R 


D 


Teinp. 


Q./D 


4:25 


Gr 


Gauge 


jiiii or 


Water 


"1 RAT 
X.003 


1.500 


0.003 


J.f .OO 






s 






1 RAO 

X .002 


1.501 


0.001 






5 :0D 


Q 


2 •372 


2.370 


A AAO 

O . 002 


T R/t A 

X.060 


1.546 


0.Q14 


X I .40 


t AA 




S 


2 .074 


O TWO 

2.372 


A AAO 

0.002 


1 RAO 

X.062 


1.547 


0.015 




ft RA 


5 : 12 




1 Ail fV 

1.947 


o r\A o 
2.062 


A 1 T K 
. 110 


1.260 


1.840 


0.580 


19. dU 


R AR 

.uo 




s 


1 .947 


2.062 


f\ lie 

O.llO 


1 O A 

1.260 


1.841 


0.581 




R AR 


5 :17 





1.035 


1.831 


0.196 


1 «^ T 

1.037 


2.053 


1.016 


21. 30 


R 1 O 




s 


1 •OOD 


1 .832 


A 1 A*f 

.197 


1 AT O 

1 .03o 


2.o52 


1.014 




R 

D .X r 


D .22 


Q 


1.309 


t eon 

1.091 


r\ OOO 

0.2o2 


.810 


2.274 


1.464 


OA T 


R HQ 




S 


1.312 


1.094 


A OOO 

0.2o2 


.813 


2.278 


1.465 




R 1 Q 
O .X9 


D .27 


/I 
Q 


.961 


"1 Tin. 

1 .336 


A TOR 

.370 


A ROA 

.070 


2.510 


1.940 


OA A 


R 14 

.X r 




s 


«9o2 


1 T T^ 

1.336 


A Tft A 

.374 


A R nr\ 
#070 


2.508 


1.938 




R TO 
O .19 


D :o2 


/I 


0.748 


1 .043 


o ooc 
.290 


0.774 


2.311 


1.537 


20 .0 


R OA 

.20 




ri 
D 


.74 / 


1 A>l O 

1 .042 


A OOR 

0.290 


A nnR 
.770 


2.313 


1.538 




R 01 


5:37 


a 


0.598 


0.838 


0.240 


0.918 


2.171 


1.253 


20.8 


5.24 




s 


0.596 


0.837 


0.239 


0.919 


2.172 


1.253 




5.22 


: 07 


ri 

\i 


A A OA 

U .4^4 


.ouo 


A 1 OO 

O .1 f 9 


1 AOR 

l.OoO 


m 1 

iCt .VyxX 


\J . «fi&0 




5.19 




o 


A AOfs 

U .420 


A AAT 


A 1 DA 

O .XoO 


1 AOR 

1 .OoO 


2.013 


0.928 




5.15 


D :4o 




A 1 Ol 


A OffO 

U .2 r2 


A AQQ 

O .0o9 


1 Tl O 

1.318 


1.784 


0.466 




5.23 




c 

D 


A 1 QTl 

U .XoO 


A 0^7^ 

U .2 r4 


A AO 1 

O .09X 


1 Tl Q 

1.319 


1.784 


0.465 




5.12 














Set No. 3. Apr. 17, 1908. 


7 :40 


n 
\I 


Gfituge 


ruxx or 


W&ter 


1 TO A 

1.396 


1.396 










Jr 








1 .397 


1.397 


0.000 






9:ou 


/i 

VJ 


2 .272 


O At O 

2 .4X2 


A 1 VIA 

.X40 


1 AO A 

1 .026 


1.756 


0.730 




5.21 




•o 
jf 


O 1 

2.2 r o 


O il 1 O 

2 .4X2 


A 1 TO 

0.X39 


1 AOO 

1 .027 


1.757 


0.730 


19.9 


5.25 


9 : DO 


n 


X.VO f 


O 1 OA 

2 .X fU 


A OTT 

O .20o 


A OOO 


1.990 


1.203 




5.16 




Jr 


1 OAA 
X . v4U 


2 .X rO 


A O TA 

O .200 


A OOA 
O • f OO 


1.988 


1.202 


19.9 


5.23 




ri 


X .OOO 


X .9o f 


A TAO 

0.002 


A it 1 A 

O .610 


2.163 


1.553 




5.14 




Jr 


X .OOO 


X.9oO 


A TAA 

. ooo 


A AAA 

0.609 


2.161 


1.552 


19.92 


5.18 


xu: xu 


It 


X .OoX 


X . rOO 


A TOO 

.3o2 


A TAA 

.396 


2.370 


1.974 




5.17 






1 TOO 

X .Oo2 


1.761 


.379 


.397 


2.370 


1.973 


19.9 


5.21 


xvj:xd 


ri 


1 1 o^ 
X.X2 r 


1.072 


A >l it R 

.440 


A O^ O 

0.2X7 


2.539 


2.322 




5.Z1 




T> 


1 1 OQ 

X . X27 


1.0 r4 


A A AVs. 

O .440 


A OOA 

0.220 


2.539 


2.319 


19.8 


5.22 


XU • i&U 


fX 
SJ 


A QOA 


1 TAT 
X . OUX 


A TOR 

U . f 


A ^ AR 

O .400 


2.356 


1.951 




5.20 




Jf 




1 TAA 


A TOT 
O . r 


A ^ AA 

U .409 


2.358 


1.949 


19.9 


5.23 




Vf 


A fKA 
yj . r 04 


1 AAO 
X .OOO 


A TT A 
O • 0X4 


A ROO 

O .0 f r 


2.201 


1.624 


1 


5.17 








1 AAQ 
X.009 


A TT A 

U • 0X4 


A ROR 

.0 rO 


2.200 


1.626 


20.0 


5.17 








\J • i 40 


A 90R 


A OAA 

O .oOO 


1.980 


1.180 




5.22 




P 


0.520 


0.746 


0.226 


0.801 


1.980 


1.179 


20.0 


5.24 


10:40 





0.316 


0.467 


0.151 


0*998 


1.788 


0.790 




5.22 




p 


0.315 


0.468 


0.153 


1.001 


1.'789 


0.788 


20.4 


5.17 


10:45 





0.096 


0.166 


0.070 


1.210 


1.582 


0.372 




5.31 




p 


0.098 


0.167 


0.069 


1.208 


1.581 


0.373 




5.40 
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Table No. 2. 

Summary of Oil Gauge Calibration. 



Uo. of At. d/b. Temp. Cor. to Cor. No. of 
Set. C. 16.7 C. d/D. Ker. 

Gauge. 



(1). 


(2). 


(3). (4). 


(5). 


(6). 


1 


5.23 


17.7* -»-.0121 


5.24 


2 


2 


5.19 


20.6" +.0472 


5.24 


2 


3 


5.20 


19.9* +.0388 


5.24 


2 


4 


5.18 


20. 6*' *.0472 


5.23 


2 


5 


5.14 


20.6* +.0472 


5.19 


2 


6 


5.17 ■ 


20.95* +.0515 


5.22 


2 


7 


5.27 


18.38* t.0203 


5.29 


1 


8 


5.24 


19.19* +.0301 


5.27 


1 


9 


5.25 


17.66* +.0116 


5.26 


1 


10 


5.20 


17.26* +.0068 


5.21 


1 


li 


5.18 


13.16* +.01765 


0.20 


1 


12 


5.19 


19.23* +.0306 


5.22 


1 



Note:- Correction to d/o f or 1* C -•0121 

Average for Gauc© 2 at 16.7"^ C 5.227 

Average for Gauge 1 at 16.7*0 5.24 

Pinal Average at 16 .7* 5.233 
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extremitiec of the ri'bratlons* 



In column No. 6 i8 giren 



the weir readings and the average of these readings for 



weir "box, and the guage temperature hy tapping water from 



at the top of each set. 

In Tahle No. 4, (a), (Id), (c) and (d), is given a 
stamiTiary of Tahle No. 3, (a), (h), (c) and (d) for the cast 
iron, wood, steel and lap-riveted pipes respectively. In 
colxcnn No. 3 is given the average difference for each set 
as read loy the kerosene guage. In colxamn No. 6 is given 
the kerosene coefficient corrected to the guage temperature 
as given in column No. 5, by applying the correction of 
-.0121 for each degree Centigrade ahove 16. 7^ C. In 
coltmn No. 7 the loss of head in kerosene is reduced to its 
equivalent in water for a 100-ft. length of pipe. The 
true mean velocities, * as determined by the weir are 
calculated from the diameter of the pipe and given in column 
No. 11. 

Figures Nos. 1 to 4 inclusive are plotted from the 

H ^w 

values of the logs, of f , given in colvimns Nos. 8 

and 11. The logarithmic curves thus obtained were found 
to be straight lines. The straight line curves shown on 
these figures were drawn by the center of gravity method as 



each run. 



The temperature of the water was read in the 



the guage between runs. 



These temperatures are given 
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TalDle No. 3 (a). 

Loss of Head in o" Cast Iron Pipe. 

Data by F.A.Schwede and R.Perwien. 



Time. 
5/1/08. 



SET VII. 
3 4 

Piezometer 
Gauge Ho. 2 



L. 



R. 



Di iTerence 
in feet. 
Kerosene . 



6 

Head 

on 
¥ier. 
ft. 
Hw. 















JL 


• AA 


Jl • f oU 


± • XXO 






o 


p . 
^ • 


JL • r VJ VJ 


1 138 


R Q Q 




3 


2:46 


1.710 


1.140 




• 2314 


4 


2:47 


1.694 


1 .149 


.558 


• 2321 







X . f X'x 


JL • JL OVy 






6 


2:49 


1.697 


l.l'i4 


• 562 


.2317 


7 


2:50 


1.713 


1.135 




.2302 


8 


2:51 


1.687 


1 .153 


• 556 


.2326 


9 


2:52 


1.722 


1.128 




.2336 


10 


2:53 


1.690 


1.150 


• 567 


.2314 


11 


2:54 


1.705 


1.138 




.2325 


12 


2:55 


1.678 


1.160 


• 542 


.2321 


13 


2:56 


1.706 


1.139 




.2311 


14 


2:57 


1.683 


1.162 


• 5^4 


.k;314 


15 


2:48 


1.712 


1.134 




.i;308 


16 


2:59 


1.684 


1.153 


.554 


.2317 


17 


3:00 


1.710 


1.135 




.2306 


18 


3:01 


1.697 


1.144 


• 559 


.2317 


19 


3:02 


1.720 


1.130 




.2312 


20 


3:03 


1.690 


1.156 


• 562 










Av. 


• 559 


.2317 



Temp^ of \7ater 14.0 C, 
Gauge Temp* 16 • 6 C . 
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Table Ko. 3 (Td) . 

Loss of Head in 6" Wood Pipe. 

Set IV.CV) 



1 




mm 

3 


4 


5 


6 




P.M. 










1 


10; 


:12 


1.863 


.894 




.2504 


2 


10: 


.13 


1 .860 


.895 


0.967 




3 


10; 


:14 


1.873 


.882 






4 


10: 


,15 


1 :863 


.893 


.980 


.2530 


5 


10: 


16 


1 .866 


.889 




.2525 


6 


10: 


.17 


1 .872 


.835 


0.982 


.2509 


7 


10 ; 


;18 


1.886 


.87 2 




.L516 


8 


10: 


.19 


1 .875 


.888 


1 .000 


. 2523 


9 


10, 


;20 


1.886 


.875 




.2525 


10 


10; 


:21 


1.874 


.890 


0.998 


.2523 


11 


10; 


;22 


1 .890 


. 872 




.2520 


12 


10 


:23 


1.871 


.895 


0.997 


.2515 


13 


10; 


:24 


1.893 


.87 3 




.25<a 


14 


10 


:25 


1.877 


.891 


1.003 


.2519 


15 


10 


:26 


1.895 


.877 




.2524 


16 


10: 


•27 


1.874 


.897 


0.998 


.2531 


17 


10 


:28 


1.887 


.887 




.2536 


18 


10 


:29 


1.880 


.896 


0.997 


. 2523 


19 


10 


:30 


1.894 


• o82 




.2534 


20 


10 


:31 


1.870 


.904 


0.989 


.2533 










Ay. 


0.9911 


.2523 



Temp, of Y/ater 12.1 C. 
Gauge Temp. 13.0 C. 
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TalDle No. 3 (c) 
Loss of Head in 6" Steel Pipe 
Set VI. 



1 


2 


3 


4 


5 


6 . 














1 


10 1 4<i 


1 • oyo 


T AT O 
1 .01^ 








10 :43 


1 • DY^i 


T AOO 
1 . OiC / 


A AT 
. O Ol 


• <^Olfs 


3 


10 :44 


1 /5 n 

1 • oyo 


T A A Q 

1 . OOo 






4 


10 :4o 


1« D 70 


T A 

1 .0<i / 


. D Offc 


^ '^T A 





10 :4o 


1 • oyi 


T AT A 

1 . UIO 









10 :47 


T ^ Tin 
1 • D /I 


T A '^^Q 

1 . o<oy 


A A 




7 


10 :4o 


1 • byi 


1 AT O 

1 . 01<c 






o 
O 


10 :4y 


T ^ Q A 

1 • ooO 


T AOO 


A AO 




9 


10 : 50 


1.685 


1.015 




.2312 


10 


10:51 


1.672 


1.027 


.658 


.2313 


11 


10 :52 


1.687 


1.018 




.<;ol4 


12 


10:53 


1.680 


1.022 


.664 


.2316 


13 


10:54 


1.691 


1.014 




.2314 


14 


10:55 


1.675 


1.023 


.663 


.2316 


15 


10:56 


1.694 


1.010 




.2318 


16 


10:57 


1.675 


1.0 25 


.667 


.2315 


17 


10:58 


1.691 


1.011 




.2318 


18 


10:59 


1.681 


1.025 


.668 


.2319 


19 


11:00 


1.691 


ID 11 




.2316 


20 


11:01 


1.677 


1.027 


.665 


.2316 








Av. 


.6641 


.2314 



Temp, of Y/ater 14.2 C 
Gauge Temp. 16.7 C. 
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Table No. 3 (d). 





Logs of 


Head in 


6" Lai> 


Riveted Pipe. 








set 


IV. (V) 






1 


2 


3 


4 


5 


6. 




5/8/8 P.LI. 










1 


9:15 


1.763 


.943 




.2439 


2 


9:16 


1.743 


.963 


.800 


.2446 


3 


9:17 


1 .740 


.964 




. 2443 


4 


9:18 


1.730 


.976 


.765 


.2453 


5 


9:19 


1.742 


.965 




.2453 


6 


9:20 


1.745 


.958 


.782 


.2468 


7 


9:21 


1.760 


.947 




.245 4 


8 


9:22 


1.757 


.951 


.810 


.2452 


9 


9:23 


1.759 


.947 




.2448 


10 


9:24 


1.759 


.948 


.812 


.2438 


11 


9:25 


1.767 


.939 




.2440 


12 


9 :26 


1.768 


.940 


• 828 


.24 53 


13 


9:27 


1.771 


.935 




.2457 


14 


9 i28 


1.770 


.936 


.830 


. <i467 


15 


9:29 


1.774 


.933 




.2459 


16 


9:30 


1.772 


.935 


.838 


...472 


17 


9:31 


1.780 


.929 




.2477 


18 


9:32 


1.774 


.932 


.846 


. 2470 


19 


9:33 


1.775 


.934 




. atoi ■ 


20 


9 :34 


1.772 


.936 


.838 


.2469 










At. .8154 


At. .2456 



Temp, of Hater 12.4 C. 
Gauge Temp. 18.4 0. 



Digitized by 



Google 



Digitized by 



Google 



28 (a) 
Table No. 5 



Pipe Measurements. 



Inside Dia.'J7ood Pipe 

Ob, ITear Par. Diff.Diam. 

a. lliw 3.5fi 9.24 5.65 !5.97 

2Ke 3.58 9.17 5.59 5.90 

IVw 3.30 9.02 5.72 6.03 

2Ve 3.36 9.03 5.67 5.98 

S. IHw 3.64 9.22 5.58 5.89 

2He 3.70 9.17 5.47 5.78 

IVw 3.42 9.98 5.56 5.87 

2Ve 3,36 9.02 5.66 5.97 

P. IHw 3.58 9.18 5.60 5.91 

2He 3.64 9.17 5.53 5.84 

IVw 3.38 9.03 5.65 5.96 

2Ve 3.39 9.03 5.64 5.95 



Av. 5.92 
Area .19x1 



Ob. 



Inside Dia. Steel Pipe. 
Near Par Diff.Diam. 



G. !?w 1.50 1,66 5.S6 6.17 
He 1.76 7.62 5.85 6.17 
Yw 1.81 7.67 5.86 6.17 
Ve 1.87 7.66 5.81 6.12 

S Hw 1.82 7.59 5.87 6.18 
He 1.81 7.62 5.81 6.12 
Vw 1.88 7.70 5.82 6.13 
Ve 1.86 7.65 5.79 6.10 



Av. 



6.15 



Area .2063 



Inside Dia. Lap FL.Pipe , 



G. 


Hv/ 










He 










Vw 










Ve 








P. 


Hw 


3.00 


8.49 


5.80 




He 


2.97 


8.50 


5.84 




Vw 


3.18 


8.70 


5.90 




Ve 


3.14 


8". 7 5 


5.92 


S. 


Hw 


3.00 


8.48 


5.79 




He 


2.97 


8.50 


5.84 




Vw 


3.16 


8.72 


5.87 




Ve 


3.20 


8.74 


5.85 








Av. 


5.85 



Ob. Dia. C.I. Pipe 6.06". 

Kor.Meas.Vert.JIeas. Av. 



G. 
P. 



6.02 


6.03 


6.025 


6.06 


6.04 


6.05 


6.05 


6.07 


6.06 


6.05 


6.06 


6.055 


6.06 


6.08 


6.08 


6.03 


6.13 


6.06 


Total 


Av. 


6.06 


Area .2003. 





Area .1868 

Length of pipe Between Pizometers. Pt. 
Pipe Cast Iron 52.83 
Wood 5 2*75 

Steel 57 .02 

Lap Riveted. 5 2.83 
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Tatle No. 4 (a) 
Loss of Head in 6" Cast Iron Pipe. 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

Date Ho. GaugeTemp.GauceKer- Loss Log Av. Av. LTean Log 

and of v;'2(Xer-of TcTnp.os- of Ilf Head Di s. Vel. Vm. 

Time, set .osene )\7ater cne >.ead on Cu. from 

Av.Dif. Coef. ft \7it:r ft/s.\7ier 

ft. for per ft. ft/s. 
52.83' 100» 

pipe 

T. No. Dm. C. C. c. Hf. Yw. Q,. Vm 



5/1/08.I .0353 14.0 15.7 5.233 .0130-1.886 .0716 0.656 0. 328-. 484 
4:52P?J 

5/1/O8 2 .0696 14.0 15.7 5.233 .0252-1.599 .1044 .1137 .568 -.246 
5:24P?.T 

5/I0 lv.0778 14.4 17.4 5.225 .0282-1.550 .0937 .0968 0.484 -.315 
10; 57 AM 

4 oO 3 .1280 I0.9 15.0 5.254 .0461-1,336 JJ.33 .1279 0.639 -.194 

10: ■op:i 

5/1 4 .1591.14.0 16.6 5.234 .0577-1.259 .1406 .1765 0.882 .05'^ 
4 : OoP?.I 

5/I0 2v.ia47 14.4 17.4 5.225 .0670-1.174 .1450 .1839 0.920 .036 

11: 23 A'! 

4/30 5 .^:392 13.9 15.0 5.254 .1042-0.982 .1760 .2435 1.217 .085 

9 : 34Pr.I 

57l5~" 3V.3318 14.4 17.8 5.220 .1203-0.920 .1998 .2928 1.464 l 'n 
2:30P?r 

5/1 6 .3964 14.0 lb. 7 5.233 .1437-0.843 .2025 .2990 1.495 17'5 
12:10P:.r 

5/1^ , ^ '^S^^ I'^-O ^''"^ 5.234 .2024-0.694 .2517 .3625 1.812 .258 

5/15 4V.5825 14.4 17.8 5.220 .2115-0.675 .2460 .3945 1 972 '-^Q^ 

i~-> • i. ..1 

5 'i/08 8 .:924 14.0 16.7 5.233 .3597 -0.444 .2855 .4935 2.468 SQO 

10:39A?'.I 

5/15 5vl.0449 ]4.4 17.8 5220 .3794-0.421 .2985 .5235 2.618 418 

5 : 34?:: • 

5/15 6vl.3.:,3o 1..4 17.8 5.:.20 .4965-0.304 .3329 .6125 3.062 486 

4:04Pr' .-±00 

9 1.5644 1.1.0 17.7 5 . .-.I .5G84-0.245 .3354 .6185 5.092 490 

12l26m ^ ^^^^"^ ^^'^ ^'^^ .7716-0.113 .3723 .6200 3.600 .556 

4{3?I>:.I '^'''^•^''^^^ 14.4 13.0 0.217 .7947-0.100 . 39;),5..«^748^;i,^74 .5o0 
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Taljle No. 4 ("b). 
Loss of Head in 6" V/ood Pipe. 

1 2 3 4 5 6 7 8 9 10 11 12. 

T. No. Dm. C. C. c. Hf. W. Q. Vm. 

5/2/08 Ih 0.047 14.2 17.8 5.220 .0172-1.764 .0732 .0678 0.355 -.450 

5/vf iv 0.055 13.0 18.1 5.216 .0201-1.697 .0897 .0908 0.475-.323 

5/2/08 2h 0.198 14.4 18.0 5.217 ^720 -1.143 .1424 .1790 .936 -.029 

5/7/8^ 2v 0.240 lio.l 13.2 5.276 j0864 -1.063 .1525 .1980 1.036-.015 

5/2/8^ 3h 0.451 14.4 18.0 5.217 .1639-0.785 .1978 .2890 1.511 .179 

5/7/™3v 0.521 12.1 12.9 5.279 .1872-0.728 .2025 .2990 1.564.194 

5/2/8 4h 0.921 13.9 17.7 5.221 .3343-0.476 .2480 .4015 2.101 .322 

5/7/8" 4v 0.991 12.1 13.0 5.278 .3560-0. 4^19 .2523 .4120 2.155 .333 

5/3/8'^^5h 1 . 378 12.2 18.0 5.217 .5001-0.301 .2933 .5100 2.668 .4^6 

5/8/8 5v 1.397 12.2 13.3 5.274 .5000-0.301 .2855 .4900 2.562 .409 

5/3/8^'^Dh 1.957 12.2 18.0 5.217 .7110-0.148 .3303 .6055 3.167 .501 

5/8/8 6v 2.091 12.1 12.8 b.230 .7510-0.124 .3296 .604 3.162 .500 

5/3/8 7h 2,477 12.3 18.1 5.216 .8990-0.046 .3556 .6760 3.536 .549 

5/8/8' 7v 2.610 11.8 12.8 5.280 .9385-0.028 .3591 .6840 3.580 .oo4 

3:00PM 
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TalDle No. 4 (c). 
Loss of Head in G" Steel Pipe. 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


1 


No 


. Dm 


C 


C 


c 


Hf 




Vw 


% 


Vm 




J/1/8 


1 


0.059 


14.1 


16.6 


5.234 


.0199- 


-1.701 


.0880 


.0892 


0.432 


-.365 


8:ii3PM 


2 


0.119 


14.1 


16.6 


5.234 


.0401 


-1.397 


.1190 


.1380 


0.669 


-.175 


8:63 PM 


3 


0.191 


14.1 


16.7 


5.233 


.0639 


-1 .194 


.1438 


. 2450 


0.883 


%054 


9 :19PM 


4 


0.321 


14.1 


16.7 


5.233 


.1076 


-0.968 


.1764 


.2950 


1 .188 


.075 


9 :46PM 


5 


0.455 


14.2 


16.7 


5 . 233 


.1526 


-0.816 


.2009 


.3610 


1.431 


.156 


10:16PM 


6 


0.664 


14.2 


16.7 


5.233 


.2227 


-0.652 


.2314 


.4430 


1.750 


.243 


10:42PM 
5/'2/8 


7 


0.990 


14.0 


16.7 


5.233 


.3321 


-0.479 


.2664 


.5140 


2.144 


.331 


8:32AM 


8 


1.308 


14.0 


16.7 


5.233 


.4383 


-0.358 


.2949 


.5940 


2.495 


.397 


8:55Ar.I 


9 


1.700 


14.0 


16.8 


5.232 


.5700 


-0.244 


. 32o0 


.5940 


2.881 


.460 


9: 25 A" 


10 a 301 


14.0 


16.8 


5.232 


.7712 


-0.113 


.3649 


.7000 


3.394 


.531 


9 : 53AM 
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Table No. 4 (d). 
Loss of Head in 6" Lap Riveted Pipe. 



1 


2 


3 4 


5 


6 


7 


8 




10 


11 12 


T 


No. 


Dm C 


C 


c 


Hf 




Vw 






5/8/8 


It 


0.091 12.1 


15.4 


5.249 


.0328 


-1.484 


.0960 


.1005 


0.538 -.269 


'6:29m 


2v 


0.231 12.4 


17.5 


5. 223 


.0839 


-1 .076 


.1506 


. j.y4o 


JL . UffcX ^•yjx ( 


7 :59 


3t 


0.503 12.4 


18.4 


5.212 


.1829' 


-0.738 


.2074 


.3088 


1.653 *.218 


8:40 


4v 


0.815 12.4 


18.4 


5.212 


.2963 


-0.528 


.245 6 


.3940 


2.109 *.324 


9 :15 


5v 1.488 12.4 


18.7 


5.209 


.5410 


-.267 


.2919 


.5050 


2.702 *.432 


9:54 


6v 


1.825 12.4 


18.7 


5.209 


.6640 


-0.178 


.3349 


.6175 


3.305 *, 519 


10:34 


7v 


2.533 12.4 


18.8 


5.208 


.9210 


-0.036 


.3686 


.7100 


3 . 800 +. 580 


11:10 
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followe: The arerage ordinate and absolsea was computed 

for all the points, and then the arerage ordinate and 

ahecissa for all points ahore and "below this center of 

grarity separately, which gave three points in a straight 

line# The lowest velocities for the cast iron, wood, 

and lap-riveted pipes were thrown out in this determination, 

because they were unreliable • The discrepancy in these 

points was prohahly due to leakage as at the lowest velocity 

there was considerable pressure on the pipes in order to 

keep them full, and maximum leakage with minimum flow would 

produce a noticeable shifting of the point on the curve. 

Pi tot Tubes # On pages 34 and 35 is given one traverse 

made on the vertical diameter of the steel pipe, which is 

a portion of Table No.6, (a), (b), (c) and (d). Laboratory 

Data, pages Nos. 70 to 127 inclusive. The traverse at the 

medium velocity is given. Column Ho. 6 gives the average 

H 

difference of head, v, for each position^ Column No. 9 
contains v corrected for the no flow reading. Positions 
Nos. 1, 7 and 13 are at the center of the pipe, No. 2 at 
the far side and No. 12 the entry side of the pipe^ 

In reducing the difference of head observed, it v/as 
considered as velocity head and the velocity was calculated 
from V = V 2' gh^. The values of the velocities calcinated 

for the different positions are given in column No. 8. The 

V V 
center velocity, c and the mean velocity m is given at 
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Ta'ble No. 6 (c). 
Pi tot Tu"be Calibration. Traverse 4 V. 
Data "by Graff. May 21, 1908. .Temp, \7ater 16,7 C. 

Hy. Hv "f V. 



No. T. Pos- Pi tot Tube #1. 
P.!I. it- V. Pr. 
ion. 

X« 2« 3« 4« 5* 



6. 



Hv -f 
Cor, of 
-.005 * 
7. 



8. 



1 

2 
3 
4 
5 

6 
7 
8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
S6 
27 
28 
29 
30 
31 

:')2 
3:5 

34 

35 

36 



9:32 1 



9 :33 
9:35i 2 

9 :36i 
9:37 3 



9:38 

9:38i 4 



9:39i 
9:40 5 



9 :4l 
9:4li 6 



9 :42 
9:42i 7 



9 :44 
9:45 8 



9 :45i 
9:46 9 



9;47 



2.003 
1.964 
1.998 
1.960 
1.980 
1.942 
1.982 
1.945 
1.892 
1.956 
1 .990 
1 .960 
2.003 
1.968 
2.005 
2.964 
2.007 
1.962 
1.997 
1.967 
2.012 
1.973 
2.007 
1.969 
2.013 
1.972 
2.009 
L.069 
1.998 
1,956 
1,988 
1.953 
1.981 

1.940 
1 .985 
3.. 945 



1.910 
1,848 
1,915 
1,852 
1,825 
1,863 
1,827 
1.874 
1.819 
1,859 
1.905 
1,856 
1,905 
1,852 
1,904 
1,842 
1,901 
1,850 
1,890 
1.840 
1.903 
1.849 
1.895 
1.841 
1.909 
1.841 
1.900 
1.949 
1.937 
1,878 
1,941 
1,877 
1,951 
1.888 
1.948 
1.888) 



,100 



.068 



.090 



.106 



.112 



.118 



,116 



.066 



,044 



,095 



.063 



.085 



,101 



.107 



.113 



.111 



,061 



;.47 



2,01 



2.34 



2.55 



::.62 



2.70 



2.67 



1.98 
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35 



Table No. 6(c) Continued. 
12345 6 7 8 



37 9:47ilO 1.967 1.948 

58 1.028 1.891) 

39 1.960 1.949 ) .026 .021 1.16 

40 9:48i 1.927 1.890) 

41 9:49 11 1.960 1.937 

42 1.930 1.884) 

43 1.967 1.930) 

44 9:50 1.931 1.879) .041 .036 1.52 

45 9:50il2 1.955 1.945 

46 1.920 1.891) 

47 1.959 1.950) 

48 9:51 1.923 1.896) .019 .014 0.95 

49 9:5lil3 2.009 1.905 

50 1.968 1.844). 

51 2.012 1.897) 

52 9:52i 1.970 1.842) .118 .113 2.70 
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the 'bottom of each trarerse, and are determined as follows: 
The Talue of is oTstained by taking the sum of the first 
and third positions there and twice that of the second, and 
diriding Tdjt four. The mean velocity is determined by the 
summation of half the extreme or side velocitleS| twice 
the center velocity as just obtained and the intermediate 
velocities all divided "by the number of positions. The 
center velocity being observed at the beginning, middle and 
end of each traverse , has been used twice in computing the 
mean velocities to compensate for the deficiency occurring 
from the summation of the several velocities. The velocity 
distribution curve follows some curve instead of the series 
of straight lines connecting the observed velocities, which 
would make the integrated mean velocity of this curve some- 
what in excess of the value obtained from the above summation 
if no correction was made. Messrs. Williams, Hubbell and 
Penkell In the Detroit experiments calculated that by using 
the center velocity twice, a value of V^^^ Is obtained about 
0#6 to 1^ higher than would be obtained by Integrating the 
volume of revolution generated by the mean curve drawn 
through the observations when 21 positions are used. 

On Plates Nos. 11 and 12 are plotted all the traverses 
taken, and these show fairly unlfom variations in the 
velocity across the diameter of the pipe. The velocity 

observations are connected by straight lines, though 
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erldantly actual conditions in the pipe are represented lay 

a smooth curre. The three center velocities are shown, iDut 

the traverse is drawn through the average telculated 

center velocity • 

Table 'So. 7, (a), ("b), (c) and (d) is a summary of 

Table No. 6, (a), ("b), (c) and (d), and contains the results 

of all traverses taken for the cast iron, vood, steel and 

lap-riveted pipes respectively* Columns Nos. 4 and 5 

give the average center and mean velocities, and column Ho. 

6 the true weir velocity V • Column Uo# 7 gives the ratio 

w 

of to V^^ Vc "being the calculated center velocity* 
Column Ho, 8 contains the values of the coefficient, 
c « Vw • In computing the average value of the coefficient 
of each tube, those traverses marked with an asterisk were 
rejected as unreliable* All Pitot tube ne asurements for 
a velocity of less than 0*5 ft. per second are of no value 
in calibration and were rejected, because often negative 
readings are recorded and errors in reading have too large 
an effect on the small difference of head. Traverse No* 
2 H of the cast iron pipe was eliminated for the reasons 
cited in the above; traverses Nos. 4 V and 5 V of the same 
pipe were thrown out since the guage was apparently nc t 
reading correctly, perhaps due to air in the tubing* An in- 
spection of traverses Nos* 3 H, 6 H, 5 V and 6 V as plotted 
on flate No* 11, Figs. Nos* 4 and 3 shows these to bs^ erratic! 
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Table No. 7 (a) . 
Pi tot TuTDe Cali'bration. Suramai-y. 
Tu"be No. 2 - 6" Cast Iron Pipe. 
2 3 4 5 6 7 



8 







No. of Date. Duration Velocity yt./ Sec. Ratio. Coef- Temp. 
Traverse. of Exp. By tu"be By By VwAc fici- of V/at- 
:iins. at Ctr. tube Weir ent er C. 

Vc. Mean. Mean Vw/Vm. 

Vm. Vw C. T. 



1 


H 


5-14-08 


30.0 


0.33 


0.21 


0.51 


1.541 


2.14 


14.7 






8:37 PM 
















2 


H 


9:23 


29.5 


1.15 


0.90 


0.93 


0.810 


1.03 


14.7 


3 


H 


10;12 


26.5 


2.01 


1.70 


1.42 


0.703 


.83 


14.7 


4 


H 


10:33 


25.0 


2.82 


2.35 


1.97 


0.699 


.839 


14.7 


5 


H 


10:55 


18.5 


3.74 


3.20 


2.57 


0.687 


.80 


14.7 


6 


H 


11:18 


15.5 


4.35 


3.67 


3.01 


0.692 


.82 


14.7 


7 


H 


11:40 


19.0 


5.19 


4.42 


3.51 


0.676 


0.79 


14.7 


1 


V 


5-15-08 


17.5. 


0.17 


0.38 


0.47 


2.800 


1.250 


14.4 






12:14 PM 
















2 


V 


11:46 m 


19.0 


1.36 


1 . :-5 


0.964 .709 


0.772 


14.4 


3 


V 


2:31 PM 


21.0 


1.82 


1.47 


1.46 


0.801 


.991 


14.4 


4 


V 


2:58 


20.5 


2.42 


1.89 


1.97 


0.816 


1.043 


14.4 


5 


V 


3:35 


20.5 


3.2G 


2.55 


2.61 


0.801 


1.025 


14.4 


6 


V 


4:05 


::.3.5 


3.85 


3.23 


3.07 


0.797 


0.949 


14.4 


7 


V 


4:37 


20.0 


5.01 


4.28 


3.87 


0.772 


0.902 


14.4 



Digitized by 



Google 



Digitized by 



Google 



-39- 

Ta-ble No. 7 (b). 
Pitot Tube Cali"bration. Su-TJiary. 
Tube No. 1 - 6" Wood Pipe. 
12 3 4 567 89 

No. Date. T. Vc. Vm. Vw. Y^/Yc . C. T. 



1 


H 


5-2-08 


32.5 


0.42 


0.32 


0.36 0.855 .973 


13.9 






Q • / t: -nil T 












2 


H 


9 :30 


32.0 


1.37 


1.11 


0.94 0.687 .849 


14.4 


3 


H 


10:12 


44.5 


1.91 


1.29 


1 .51 0.789 1.170 


14.4 


4 


H 


4:33 


46.0 


3.20 


2.56 


2.11 0.661 0.827 


13.9 


5 


H 


5-3-08 


27.5 


3.97 


3.10 


2.67 0.671 0.861 


12.2 

t 






2:45 PM 










6 


H 


3:25 


36.0 


4.30 


3.24 


3.17 0.737 0.980 


12.2 


7 


H 


4:13 


29.0 


5.44 


4.45 


3.54 0.650 0.797 


12.3 


1 


V 


5:15 


30.0 


0.83 


0.78 


0.475 .572 0.608 


12.3 


2 


V 


5-7-08 


30.0 


1.67 


1.28 


1.04 0.623 0.813 


12.1 






8:57 HI 












3 


V 


9:40 


27.5 


2.47 


2.02 


1.56 0.630 0.772 


12.1 


4 


V 


10:13 


28.5 


3.30 


2.71 


2.16 0.655 0.798 


12.1 


5 


V 


3-8-08 


35.5 


3.67 


2.78 


2.60 0.710 0.935 


12.2 






11:21 AM 












6 


V 


12:07 


24.0 


4.25 


3.00 


3.1620.744 1.059 


12.1 


7 


V 


3:00 


32.0 


5.47 


4.53 


3.58 0.654 0.791 


12.1 



Sura.iary for 6" Cast Iron Pipe. 

6 Va 5-2-08 34.0 4.45 3.32 3.10 6.97 0.932 14.2 

11*45 A:l 

7 Va 12:25 ' 32.5 5.22 3.89 3.60 6.89 0.927 14.2 
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Table No. 7 (c). 
Pi tot Tube Calibration. Sxixnr.iary . 
Tube No, 1 - 6" Ste^el Pipe. 
1 2 3 4 567 89 

No. Date. T Vc. Vm. Vw. Vw/Vc 



1 


H 


5-15-8. 


0.52 


0.39 


0.53 


1.020 


1.358 


14.7 


29.0 






8 :33PM 












2 


H 


9:09 


1.18 


0.92 


0.92 


0.780 


1.000 


14.7 


15.5 


3 


H 


9:31 


1.82 


1.47 


1.36 


0.750 


0.930 


14.7 


16.5 


4 


H 


10:01 


2.62 


2.15 


1.91 


0.729 


0.889 


14.7 


15.0 


5 


H 


10:18 


3.59 


2.93 


2.54 


0.708 


0.868 


14.7 


24.5 


6 


H 


10:48 


4.21 


3.47 


3.00 


0.712 


0.867 


14.7 


17.0 


7 


H 


11:09 


4.92 


4.07 


3.47 


0.705 


0.853 


14.7 


20.5 


1 


V 


5-21-8. 


0.76 


0.59 


0.48 


0.638 


0.820 


16.7 


18.5 






10:46 
















2 


V 


10:25 


1.43 


1.20 


0.98 


0.686 


0.818 


16.7 


14.0 


3 


V 


10:04 


2.01 


1.72 


1.46 


0.725 


0.849 


16.7 


16.5 


4 


V 


9:32 


2.63 


2.11 


2.00 


0.760 


0.947 


16.7 


20.5 


5 


V 


9:07 


3.71 


3.06 


2.44 


0.659 


0.798 


16.7 


18.0 


6 V 


8:42 


4.48 


3.81 


2.95 


0.660 


0.777 


16.7 


20.0 


7 


V 


8:12 


5.32 


4.44 


3.52 


0.661 


0.793 


16.7 


23.5 
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TaMe No. 7 (d). 
Pitot Tuoe Calibration. Summary. 
Tu"be No. 2 - 6" Lap-Riveted Pipe. 
1 2. 3 4 56789 

No. Date. T Vc. Vm. Vw. Vw/Vc C. T. 



1 


H 


5-9-8. 


0.72 


0.62 


0.55 0.763 


0.821 


13.4 


35.0 






10:43AM 










2 


H 


11:29 


1.39 


1.06 


1.08 0.777 


1.020 


13.4 


32.5 


3 


H 


12:11 


2.08 


1.67 


1.58 0.759 


0.946 


13.4 


26.5 


4 


H 


5-10-8. 


3.26 


2.58 


2.1750.668 


0.843 


13.2 


23.0 






9 :16AIa 














5 


H 


5-10-8. 


3.93 


3.23 


2.6650.679 


0.825 


13.2 


19.5 






9:48 














6 


H 


10:20 


4.46 


3.62 


3.1850.713 


0.880 


13.2 


22. 5 


7 


H 


10:50 


5.16 


4.19 


3.82 0.739 


0.912 


13.2 


24.0 


1 


V 


5-8-8. 


0.17 


0.27 


0. 5353 .15 


1.980 


12.3 


29.5 






5 : 32PM 














2 


V 


7:57 


1.37 


1.14 


1.04 0.760 


0.912 


12.4 


27.0 


3 


V 


8:38 


2.31 


1.85 


1.6540.716 


0.894 


12.4 


28.5 


4 


V 


9:16 


3.01 


2.33 


2.11 0.701 


0.907 


12.4 


27.5 


5 


V 


9:51 


3.95 


3.22 


2.70 0.683 


0.840 


12.4 


30.0 


6 


V 


10:28 


4.98 


4.25 


3.30 0.6G1 


0.778 


12.4 


28.5 


7 


V 


11:04 


5.72 


4.75 


3.81 0.664 


0.802 


12.4 


30.0 
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the same Is true of Ho. 4 V for the steel pipe, Plate No. 12, 
Pig. No. 1. In Table No. 8 is given a siumnary of the co- 
efficients of Pi tot tubes Nos. 1 and 2, as determined in 
the four pipes, and also the co-ordinates of the centers of 
gravity B, C and A of the points on Piute No. 13. All 
true weir yeloclties are plotted as ordinates and mean 
velocities as abscissae, but the traverses narked with the 
asterisk in Table No. 7 are not used In the calculation of 
the centers of gravity. A straight line is drawn through 
the centers of gravity for each tube. 

TABLE NO. 8. 
Pinal Summary of Calibration of Pitot Tube. 

Ins. P Arithmetic Tie an s . Co-ordinates of Points B, C and A» 
& i 

Pos. p V^/Vm-C- B C A 

e 

V V 7 7 7 7 — 

"in *w ''m *w »w 



2 V CI. .769) .903).860)' 

2 H CI. .683) .816) )1. 733 1.545 2.684 2.219 3.832 3.228 

2 V LR. .697) * .856( 079) 

2 H LR..722) .903(* ) 

1 V V/..641( .806) 920 ( 

X H ^7. .667(.708 .834)* (l.714 1.446 2.832 2.427 3.762 3.078 

1 V S..694( .807( pp=.( 

1 H S..731( .901(- ( 

Pinal Average Coef. of Tube No. 1 a ,837 
rinal Average Coef. of Tube No. 2 s .870 
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EESULTS* 

DlBcharge Measurement s The 12- in. weir was also 
ca).ibrated in 1907, and this calibration checked within less 
than 1^ with that of Messrs* Cerna and Kaulfuss in 1908 • 
The errors in the measurements of discharge are negligible. 
The percentage of error in the velocities as determined from 
the diameters is not more than 

Frictional Losses * The relation between fricticnal 
loss of head and velocity is plotted logarithmically in 
Pigs. Nos. 1 to 4 inclusive for all the pipes, and the 
straight line obtained in each case shows that varies 
with some power of the velocity, or » Mv^. Therefore 
Jjog. « n log V + log. m# The value of n is obtained 
directly from the slppe of each curve, and m is obtained 
by taking the intercept for V » It The value of n and m 
as obtained for the fowr positions are given in Table No# 
9. 

Table No. 9. 
Prictional Losses r.nd Values of CoeTficiont. 

Itf -i^V^ in ft. of watf^r p^^r 1000* iind value of C in 
Ciiezy^s Pomula V « C ATrs". 

^ ^'^^ ^ 1 rt/ sec. 2 ft/sec. 5 ft./sec> ft /sec. 

in ~" ' 

P ft of C. % C. C. Hf C. 

P per 

e iooo^ 

CI.. 711 1.797 .711 i03.5 113.4 5.117 318.0 6.809 119.2 

-£^1 ^-^^^ -^^^ ^'^-^ ^-030 10^-6 6.501 10b. 9 8.710 106.8 
S. .832 1.808 .832 96.6 ;^.910 305.6 G.067 107.4 8.000 109.1 
L.R*760 1.870 .760 104.0 ;..779 108.8 5.927 111.6 7.90,2 112-7 
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The equations for the tour pipes are: 
5.92 in. Wood pipe per 1000 ft. « 0.824 V"""*®® 
6.06 in. Cast Iron pipe H per 1000 tt» » 0.711 V^*®° 
6*15 in* Steel pipe per 1000 ft. » 0*832 V 

1 87 

5t85 in. lap-rireted pipe per 1000 ft. = 0.760 V * 

On Plat e TTf are plotted all the experiments hitherto 
made on wood pipes, most of which are of large diameter and 
all of which are wood stave pipes, except the 6- in. pipe 
tested hy the writers. Uniformity in the slope of almost 
all these straight line curves is striking. The results 
of the experiments in 1899 on the 72- in. pipe hy llEarx, Wing 
and Hoskins show a peculiar change from those of 1897* The 
dashed line represents an average of the points de terminer 
in 1897, and the dotted line that of the experiments of 1899. 
The irregular distribution of the points of the former makes 
only an approximation of the slope possible* The ex- 
periments of 1899 give a much better linf | thd slope of 
which is L«94 instead of I#73 for the 1897 experiments* The 
cause of this increase in the slope in two years* service of 
the large stave pipe is hard to explain, unless it should be 
deterioration of the pipe in that time due to growths in 
the pipe. The equations of all the pipes plotted in Plate 
No. XIV are: 



Digitized by 



Google 



Digitized by 



Google 



7-' 




Digitized by 



Google 



5 #92 in# 
14 .05 in* 
44t05 in* 
5A.2 in. " 
72t5 in*(1897) • 
72t5 in*(1899) 
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per 1000 ft. « 0*824 V 



n 

n 
If 



1*88 
1*73 



0.30 V 
0*125 V^*''^ 
0*082 V^*''^ 
• « 0*062 Vl*''3 
» « 0.048 V^*^* 
On examining these equations one is at once impressed 
the constant ralue of 1*73 for n secured "by Adaias and "by 
Uoble on their experiments on the 14- in. and on 44 and 54-in. 
pipes respectively* This value is also secured by l£arX| 
Wing and Hoskins, experiments of 1897. But the fine line 
of the 1899 experiments on the same pipe, which fHe latter 
o^btained two years later would incline one to the con- 
clusion that 1*94 represents the more correct value of n. 
for the 72-in* pipe in actual use, with a possibility that 
the increase in the value of n is due to growths on the 
inner surface of the pipe* The value of 1.88 secured by 
the writers for the 6- in. pipe checks the higher value of 
the 72- in* pipe. It must, however, he home in mind in 
making the comparison that the 6- in. pipe is a bored pipe 
and probably has a somewhat rougher innersurface than a good 
stave pipe. The relative condition too of any two stave 
pipes would undoubtedly affect the value of n. 

That the condition of the inside of the pipe has some 
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effect on the slope seema to \>e ehown "by the relative ralues 
of n obtained for the wood^ cast iron^ steel and lap- 



the value of n is 1#80 and the steel pipe has only a slightly 
greater n^l#81# The lap-riveted pipe on the other hand 
shows a decided increase in the n. This may he expected 
because of the interference of the rivets with the flow. 
The value would probably have been higher if the steel pipe 
instead of being very smoothly surfaced, had been rough as 
most pipes in actual service are# The resistance of the 
6-in. spiral lap-riveted pipe is very probably less than a 
similar pipe made with cylinder joints. 

The variations of m in the wood pipes are seen at a 
glance at the equations to be uniform, and evidently to be 
a function of the diameter. On Plate Uo. XT ^® plotted 
logarithmically the value of m as ordinates and the diameters 
of the pipes as abscissae for all the wood pipes given in 
Plate No. XIV # By the center of gravity method the 
straight line was drawn, and the points are seen to lie very 
close to this line. The equation of the line is 



m ■ d1*07^ In which k is found to be #392, giving m « j^lI9 
Ic is taken off the cumre for D « 1 ft. The 44- in. pipe is 
the only one that is materially off the line. In his dis- 
cussion of paper Ho. 938 of ••Transactions American Society 



riveted pipes. 



In the smooth tar-dipped cast iron pipe, 
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Of CiTil Engineers, •nrolume 49, Mr* W. Schodder jddduoes 

a value for the exponent of D of 1#05 by taking all of the 

wood experiments up to date. By using these same data and 

the results obtained for the 6-in# bored wood pipe, the 

slope of the line is made 1«07 a change of only 2^, and the 

point for the 6-in. pipe lies almost exactly on the line so 

obtain ed# This evidence would indicate that the value of 

1#07 is very nearly corrects In the experiments on the 

44-in# pipe a range of velocity of from Z.5 to 5 ft. per 

second was the maximum that could be obtainedf and this 

small range may or may not have had some effect upon the 

values of m and n. By neglecting the 44- in. pipe from 

the calculations the curve would have the position indicated 

by the dashed line, and the equation of the line beccmes 

. 371 
m « J5I.O34. 

The values of m for the cast iron, steel and lap- 
riveted pipes are also shown on Plate Uo. 3&[V t and they also 
lie very close to the straight line, which would seem to 
indicate that the value of m is independent of the condition 
of the pipe and dependent only upon the diameter. In 
Table No. 9 are given the values of m and n for the four 
pipes, and the values of and c in Chezy's formula 
V « c V r s for velocities from 1 ft. to 3.5 ft. per 
second. In Pig. No. 5 the values of c and the velocities 

are plotted. By a study of Table No. 9 and this diagram 
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one can see the increasing effect of a high value of n upon 

and c ae the velocity increases* Also the change in 
values of m effect c and more than changes in n for the 
lower velocities. Take for instance the wood and steel 
pipes with almost identical values of m, the c ciorves cross 
at 2 ft* per second due to the increasing effect of the high 
value of n for the wood pipe* The lap-riveted pipe has a 
relatively higher c for the low velocities than for the 
higher velocities* The frictional losses are the least 
in the cast iron and greatest in the wood pipe; the spiral 
lap-riveted pipe shows a coefficient, c, only a little "below 
the cast iron, and the c for the steel pipe is only a little 
higher than that of the wood pipe* Despite the high value 
of n obtained for the lap-riveted pipe, its low value of m 
gives it a small frictional lossand a high coefficient* 

Pitot Tube Calibrations . On Plates Nos. n[ and TTT 
are given all the traverses made in the calibrations of the 
Pitot tubes* These traverses all show a maximum velocity 
at or near the center of the pipe* In a number of the 
traverses the velocities at the center and #2 diameter from 
the center are the same indicating a point of maximum 
velocity somewhere between the two readings. The ir- 
regularities noticed especially in traverses Uos. 2 V, 5 V 
and 6 V llgs. Ho. 3 and 3 H of Fig. Uo. 4^ Plate No. ^ 
about *I of a diameter frou the sides of the pipe show a 
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diBturtance in the Telocity distriljution at these points • 
This is also especially noticeable in 3 V and 4 V, Pig* Ko. 1, 
Plate No* XII • The curres all show that the entry side 
has lower relocities than the opposite side* This may he 
due to the effect of the opening and water pocket created 
hy the nipple* These high velocities howerer were also in 
erery case on the same side of the pipe as the conrex 
surface of the elhow or tee ahore the Pi tot tuhe* 

There can loe no douht hut that these sharp 90^ curres 
hy which the water flowed had a marked ieffect upon th^ 
trarerses* Those traverses having the maximum velocity 
ahove or below the center clearly show the disturbing effect 
of the curvature upon the velocity distribution* Williams, 
Hubbell and Penkell found that the effect of cuinrature was 
noticeable in the velocity distribution several hundred feet 
below the curve, but they also showed by a large number of 
tests that the maximum distortion occurred in the first 90^ 
of a 180* bend. It is not improbable that when the water 
passes by several 90^ elbows in rapid succession, the dis- 
turbances due to one elbow may be counteracted by the 
effect of the next, especially when they are in opposite 
directions as was the case in the writer's experiments. 

It was fcvind that if a Pitot tube when indicating a 
high positive velocity where turned through an angle of 45® 
with the current, it would register zero, and a maximum 
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negative reading was obtained with the tul^e at 90^ to the 
current* A nxmber of zero and negative readings were re- 
corded diiring the experiments, especially for the low 
velocities. The negative readings must have "been due to 
eddy currents, probably caused by curvatures, as the above 
experiment would indicate, and for this reason all negative 
readings were considered as zero. The traverses on the 
whole show less abnormal distribution than would be ex- 
pected from the irregular traverses obtained 20 or 50 ft# 
below curves of different radii in the Detroit experiments. 

In Table No. 8 is given a summary of the coefficients 
found in each pipe for tubes ITos. 1 and 2, and also the 

ratio of true mean velocity, V to centre velocity Y^. Co- 

w 

ordinates of points B, C and A on Plate No. x!lll for each 
tube are also given. The coefficient for tube No. 2 in the 
cast iron pipe is .86 and in the lap-riveted pipe .879, 
which gives a difference of 2.2^ in the two calibrations. 
The coefficient of tube No. 1 in the wood pipe is .820 and 
in the steel pipe .854, or a difference of 4^. The average 
coefficient of tube No. 1 is .837 and of tube No. 2 .870. A 
difference in the coefficients of the two tubes is to be 
expected. Although the tubes are made as nearly alike as a 
mechanician can make them, still slight differences in the 
construction v/ould affect the coefficient. These tubes were 
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mcdeled af ter^ tute Ho* 5 ueed loy WllliamB, Hubbell and 
!Fen]cell| tlie mechanician uBing ae his working drawing the 
diagram of thla tube on Plate No. T in the "Report of the 
Detroit Eacperiments." It is an especially interesting fact 
that tube No^ 5 was the one which had perhaps the most un- 
certain coefficient of the types of tubes tested by Messrs* 
Williams, Hubbell and Penkell* They first came to the 
conclusion that the coefficient of tube ITo* 5 was #86 from 
the tank rating in still water which made it •859 and their 
direct calibration in a 2*in« brass pipe, which made the 
coefficient .861 • However, because of irregular distributioi 
of velocities in the pipe rating and because the tank ratings 
for all the tubes were always from 4 to 10^ higher than the 
pipe rating, they rejected the value of .86 for tube lTo# 5, 
and adopted as its coefficient .^b. This value was ob- 
tained by a great many comparisons of tube Ho. 5 with tube 
No. 3 whose coefficient had been accurately determined* 
Tube no# 3 was inserted in a large main and many centre 
velocity readings taken simultaneously with piezometer 
readings for a considerable section of pipe. Tube lTo# 5 
was then inserted and similar readings taken^ By reducing 
these readings, the ratio of tube 2To# 3 to tube No. 5 was 
determined, and the above coefficient of #75 arrived at# 
Comparing the coefficients of tubes Nos* 1 and 2 found by 

the writers with that of tube No* 5 in the above, it is seen 
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that the value .837 of tube No. 1 i« 2*7^ lower than the 

rejected coefficient .86 of tute Ho. 5, while the value 

•87 for tube No. 2 is 1.2^ higher than said coefficient. 

Comparing the values of true mean velocity to centre 

V 

velocity we find that v for tuhe No. 1 is .708 and for 

P 

tube No. 2 .717, a difference of 1.5^. The ratio obtained 
by Messrs. Williams, Hubbell and FenJcell was .694. Tube No. 
1 has a ratio zfo and tube No. 2 a ratio 3.3^ higher than this 
value. No centre velocity ratings were taken by the 
writers, the center velocities being the averages of the 
traverse readings. By taking a set of centre velocities 
alone, a more accurate check on the above value would be 
obtained. 

It seems very unlikely that any possible difference in 
construction would account for the discrepancy betweenthe 
c^.75 of tube No. 5 and the coefficients .837 and .870 of 
tubes Nos. 1 and 2. The further fact that Messrs. 
Williams, Hubbell and Fenkell first determined on .86 for 
the coefficient of No. 5, substantiates the above values. 
It is also possible that the conditions in a 6-in. pipe are 
much more similar to those in a tank rating than those in a 
small 2-in. pipe, and that the pipe ratings would not show 
such a discrepancy with tank rating if the Pi tot tubes were 
calibrated in pipes of at least 6- in. Or even larger 
diameter . 
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coifciusioirs^ 

Pitot Tube Callbrat lons # In order to secure more 
accurate calilDratlone of Pltot tulDee in the pipes used by 
the writers, it is necessary to eliminate the Affects of 
cunrature by some means. A baffle plate perforated with 
small holes and situated just beyond the elbow fitting and 
then an enlargement chamber from which the water would pass 
throiigh a cycle id- shaped reducer into the 6-in# pipe, would 
very likely gire the necessary normal distribution of the 
Telocity orer the whole cross section. Another method 
would be the use of a Pitot tube, so made with Telocity and 
pressure openings across the entire diameter of the pipe, 
that the tube would intergrate the mean Telocity on the air 
guage* In this way fluctuations in the Telocity across 
the diameter would not introduce errors into the traTorse, 
as is the case when each traverse requires ten to imenty 
minutes* Of course the difficulty of making a tube of 
this kind that would not interfere with the flow might make 
this method unfeasible* 

A method of increasing the accuracy of low Telocity 
readings and making low measurements of discharge possible 
is the use of a differential oil gmge for reading with the 
Pitot tube. Unfortunately lack of time prevented the 
writers from making experiments with the use of the oil 

guage in addition to the calibrations that were made. 
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The coeff icientB determined were: tube No# 1^#837 and 
tube No* 2,#870. These coefficientB are 2^7^ lower 
and lm2% liigher respectively than the coefficient #86, de- 
termined from a similar rating of tube lIo# 5 (identical in 
design to the two tubes used by the writers) by Williams, 
Hubbell and Penkell in the Detroit experiments. 

Fr ictional Losses* The coefficients for the kerosene 

oil used in the differential oil guage was found to be 5 •233 

at 16 #7^ C. The fr ictional loss of head^EC^, does not vary 

with the sqimre of the velocity. The values of m and n 

n 

in the equation = m v were determined for cast iron, 
wood, steel and spiral lap-riveted pipes, and the following 
results were found: 

neo 

6-in# Cast iron pipe « 0.711 V 

6- in. Wood pipe % = .824 v^^®® 

6- in. Steel pipe = .832 V^*®^ 

6- in. Spiral lap-riveted pipe « 0.760 V"'^*®*' 

The order of resistance to flow in the pipes beginning 
with the least was as follows: cast iron, spiral lap- 
riveted, steel and wood. It must be borne in mind that 
all pipes were new. The experimental coefficients, c, in 
Chezy's formula obtained for the foiir pipes are as follows: 
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Plpe Velocity In feet per Second . 





1 


1.5 


2.0 


2.5 


3.0 


3.5 


Cast Iron 


105.5 


110.0 


113.4 


115.9 


118.0 


119.2 


Wood 


99.0 


101.6 


103.6 


104.9 


105.9 


106.8 


Steel 


96.6 


100.8 


103.6 


106.0 


107.4 


109.1 


lap-riveted 


104.0 


106.3 


108.8 


110.1 


111.6 


112.7 



Prom Plate No. W it was found that for wood pipe 

.592 



m varies with gTTUT and the equation for m is m = jjl.O? 

Accuracy of Results • The experiments were made in the 
hydraulic la'boratory with eyery facility at the writer** 
command 9 and no pains were spared to secure good results* 
The errors in the determination of fricticnal losses are 
within 1^ of correctness • In the Pi tot tube measurement 
of discharge the accuracy is limited hy the uniformity of 
flow, and the coefficients of the tubes are within Zfo of 
correctness* 
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